Introduction
Heavy quark production in deep inelastic electron-proton scattering proceeds via the following reaction (see Fig. 1 )
Where ′ X ′ denotes any inclusive hadronic final state and V stands for the neutral intermediate vector bosons given by γ, Z. In this paper we treat the case that ↓ q p 1 Figure 1 : Kinematics of charm production in deep inelastic electron-proton scattering mechanism only. If we also integrate over the momentum p 1 of the heavy (anti) quark Q the unpolarised cross section is given by
Here S eP denotes the centre of mass energy of the electron-proton system and the heavy quark component of the spin averaged structure functions are given by
In the case the proton is polarised parallel (→) or anti-parallel (←) with respect to the spin of the incoming electron we obtain the cross section
where g 1 (x, Q 2 , m 2 ) denotes the heavy quark component of the longitudinal spin structure function. Further we have defined the scaling variables
In QCD the twist two contributions to the charm component of the structure functions defined above can be written as
with
Further n f denotes the number of light flavours and µ stands for the mass factorization scale which is put to be equal to the renormalization scale. The charges of the light quark k and the heavy quark Q are given by e k and e Q respectively. Notice that n f is determined by all quarks which are lighter than the heavy quark Q and Eq. (5) has to be understood in the fixed flavour number scheme. In Eq.
(5) the gluon density is denoted by f S g (z, µ 2 ) and the singlet (S) and non singlet (NS) combination of quark densities are defined by
The heavy quark coefficient functions L i,k and H i,k (i = 1, 2, L; k = q, g) are distinguished according to the production mechanisms from which they originate. The quantity L i,k is given by the processes where the virtual photon couples to the light quark whereas H i,k originates from the reactions where the virtual photon is attached to the heavy quark. Hence these coefficient functions in Eq. (5) are multiplied by e 2 k and e 2 Q respectively. Up to order α 2 s the heavy quark coefficient functions are given by the following parton subprocesses. In order α s we have the virtual photon gluon fusion mechanism given by
from which one obtains the heavy quark coefficient function H S, (1) i,g . Here the superscript denotes the order in the perturbation series. In next-to-leading order (NLO) one has the following processes. First one has to include the virtual gluon corrections to reaction (9) which have to be added to the gluon bremsstrahlung process
This leads to the coefficient function H S, (2) i,g . Finally we also have the subprocess
The above reaction has two different production mechanisms. The first one is the Bethe-Heitler process where the virtual photon is coupled to the heavy quark have been only calculated in the unpolarised case (i = L, 2) (see [5] ) but the exact expressions in polarised scattering (i = 1) are not known yet. However in [3] and [4] we could derive analytic formulae for the asymptotic heavy quark coefficient functions up to order α 2 s for unpolarised and polarised electroproduction respectively. The asymptotic heavy quark coefficient functions are defined by
These asymptotic expressions are very useful because 1 They provide us with a check on the exact calculation. (i = 2, L) is semi-analytic and they are only available in the form of long computer programs (see [5] ). The latter show numerical instabilties at Q 2 ≫ m 2 which are remedied by using in this region H asymp i,k .
3 Further if these asymptotic heavy quark coefficient functions are substituted in Eq. (5) it turns out that (see [6] , [7] )
tends to unity as Q 2 > 10 m 2 and x < 0.01. In the case of charm production (Q = c and m c = 1.5 GeV/c) this happens for Q 2 > 20 (GeV/c) 2 . This implies that above a rather low value of Q 2 it does not make any difference whether we use the asymptotic or the exact expressions for H i,k .
4 The asymptotic forms of the heavy quark coefficient functions also play a major role in the derivation of the variable number flavour scheme (VFNS) from the fixed flavour number sheme (FFNS) (see [6] , [8] )
The asymptotic heavy quark coefficient functions get the typical form
with an analogous expression for L asymp i,k
. There are two ways to determine Eq. (14).
1 Evaluate the phase space integrals and the Feynman integrals in the usual way for Q 2 ≫ m 2 .
2 Use operator product expansion techniques and the theorem of mass factorization.
The last method was applied in [3] and [4] to compute the asymptotic forms of the heavy quark coefficient functions for unpolarised and polarised scattering respectively.
Order α
In this section we will analyse the charm component of the longitudinal spin structure function g 1 . To compute the latter in NLO the following coefficient functions are available:
(Bethe-Heitler). Like in unpolarised scattering the gluonic coefficient functions indicated by H (l) 1,g are the most important ones. Therefore deep inelastic electroproduction of charm quarks provide us with an excellent way to determine the gluon density in polarised scattering (see Eq. (5)). However as we will show below the charm component in the spin case is much smaller with respect to the light parton contribution to the structure function as observed for F 2 in unpolarised scattering. This is revealed by H asymp,(2) 1,g in Fig.  2 where we observe a strongly oscillatory behaviour which is in contrast to its unpolarised analogue shown in Fig. 8 of [9] . Further it satisfies the sum rule
which holds in any scheme. Notice that the Born contribution H
1,g also satisfies the above relation and we may safely assume that Eq. (15) holds in all orders for general Q 2 and m 2 . Further it turns out that the coefficient functions H
) are much smaller than their unpolarised analogues. In particular the large logarithmic terms of the type
which are characteristic of the latter do not show up in the spin case. The absence of these corrections and the oscillatory behaviour leads to much smaller charm quark contributions to g 1 than observed for F 2 or F L . To give a better estimate of the order α [4] ). These approximations were tested for F NLO 2 and g LO 1 and we found a fairly good agreement with the exact results as long as x < 0.1 and Q 2 > 10 (GeV/c) 2 . (NLO) at Q 2 = 50 (GeV/c) 2 in Fig. 3 . From this figure we infer that the charm component becomes maximal in the region 0.01 < x < 0.1. Further we observe that in NLO the result becomes twice as large than in LO. We also made a comparison in Fig. 4 with the quantity g light 1 (NLO) which is due to light partons (u, d, s and g) only. Here we see that the charm component amounts to about 4% of g light 1 (NLO). This is in contrast to the observation made for the structure function F 2 in unpolarised scattering (see [11] , [12] ). In the latter case the charm component becomes large at very small x (i.e. x = 10 −4 ) and it amounts to about 25% with respect to the total structure function. In [4] we also studied the spin structure functions plotted at Q 2 = 10 (GeV/c) 2 and Q 2 = 100 (GeV/c) 2 . These plots show the same features as the ones made for Q 2 = 50 (GeV/c) 2 so that our conclusions are unaltered. [4] we can compute the order α 2 s correction to the Bjørken sum rule due to heavy flavour contributions. The latter is given by
,
where the superscript (1) denotes the first moment (Mellin transform). In order α 2 s we have the following properties
which shows the decoupling of the heavy quark when Q 2 ≪ m 2 .
The light parton contribution to the Bjørken sum rule is given by
where C NS 1,q denotes the massless quark coefficient function. The first moment of the latter quantity has been calculated up to order α 3 s in [13] and the order α 4 s term has been estimated too (see e.g. [14] . It turns out that the charm contribution to the Bjørken sum rule is even smaller than the the estimated order α 4 s correction (see [15] ). The contributions coming from the bottom and top quark are even smaller which can be attributed to the decoupling of heavy quarks shown in Eq. 17. Finally we have the relation 
so that for Q 2 ≫ m 2 the large logarithm ln 
